APPLICATION UNDER UNITED STATES PATENT LAWS 

Atty. Dkt. No. 061069-0309367 

Invention: IMAGE OPTICAL SYSTEM AND APPARATUS USING THE SAME 
Inventor (s): Takahiro AMANAI 



Address communications to the 
correspondence address 
associated with our Customer No 

00909 

Pillsbury Winthrop LLP 



This is a: 

□ Provisional Application 
Regular Utility Application 

□ Continuing Application 

□ The contents of the parent are incorporated 
by reference 

□ PCT National Phase Application 

□ Design Application 

□ Reissue Application 

□ Plant Application 

□ Substitute Specification 

Sub. Spec Filed 

in App. No. I 



□ Marked up Specification re 

Sub. Spec, filed 

In App. No / 

SPECIFICATION 



30449153_1.DOC 



PAT-100CN 8/03 



« ! 



Imaging Optical System And Apparatus Using The Same 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
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2. Description of the Related Art 
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SUMMARY OF THE INVENTION 
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These and other features and advantages of the present invention will 
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become apparent from the following detailed description of the preferred 
embodiments when taken in conjunction with the accompanying 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

mmmx- $> & . 
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DETAILD DESCRIPTION OF THE PREFERRED EMBODIMENTS 
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i4P>x®4fti/>XT'SiSLfe, ii t , %£myt¥%zmi&ir Z> V > 

X (7) ft & £ 5 «[ £4 ± 13 T ft . Se>(;:te^#ffl±T*<Btt91S;^T**. 
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m iz & n & ir m <d % £ m afi /h 2 ^ tz & » i> > x <d m a* m n# <d & n & 
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cd a< & i> c 

-0.5 < 4> m/ 0 p < 0 (1") 
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CO fl« & n . 
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<D 16 1 U > X © £ £ ft ■ ** ft ffi ft * 0 K 75: * o 5 f 3 £ . £ fi * SI T 
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a* & ^ „ 
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^3 l/>X©^6E/^-<h, |j§ 4 U > X lz *5 & ft <D «7 - <£ 0 , 5^ U 
7* h^-f ^©^^^i&oT^S. d Tr , (4), (5)£#t JST 

^Clfr&ISTSi, £<D^Ix7*b^-f:7 0 <DIEA°<7 

>Xct<ji^$-&^^<ha^T-#-5<, 

0.5 < f 1 2 3 / | f 4 | < 3.0 (4) 
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^#^(4), <5)£sije l & v> t , ^ u ? * h^-ry^^^-r-siEo/iy- 
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0.6 < EXP/f < 1.5 (7') 
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0. 4 0 [ 1 / m m] < F no/ P [m m] < 2 . 2 0 [ 1 / u m] 
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t^ox, v * y * - & m afi m< & o , fin^^i^eiLfto, s^ng 
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-5 A /h m Ji ^ JP ifi * # # & fc a6 . X ? x U > X (D <p >bm ft iz 
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# & m & m ft ir ^ & n^*n^ -rig t * s . 

^miic^iTt^^ii. # #j a* e. c , ie p< - x 7j x i/ > x l 1 

<h . 91 £ 3 & 0 S £ . |^-X*71/>XL2t, IE ^ ^ X ^ X 1/ > X L 
3t, Al/>XL4tTi)iEStlTl»5. MSii^S^CDJi^ffiT 

>xl is, m m iz £b as & ft x ^ & „ i^-^*^i/>XL2ii. 

2 :©t^Z^*Xk>XL 21i, & {BOd £i SB £ |p] T t> 

So I/-X*Xl/>XL 3 tt. H3U>XT$)So Z\(DjE * =- X * X 1/ 
> X L 3 « , Hi ffl'J IZ dh M £ I6J T lr> -S o M. V > X L 4 « , |41/>XT* 
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T ^ 4 7 7 X f 7 ^ f J > ffl 1 l/>Xi!3 1/yXH^U * >^0t* 

* fc , iis«3i£¥^<z>»iSfc:tt. i / 3 -r > ^ , 3 o o^i$ {mm mm 

P = 2. 4Mm) (7)ii#^^^gag$tlT^-5o 

m i mmm(D mm^- ^ izn^^x . mmm. r ? & e miz& 

* fc . # s* ffi # « , $4 7? ft £ z . ^Wifcit^-rs^lPl&yttO, 
R &£ ^ $C £ k . # JS* a ffi # £ a , b , c , • • • £ L <h # , & <Z) 5£ "T? ^ 

z = ( y 2 / r ) / [1+ {1- (1 + k) ( y / r ) 2 } ,/2 ] 
+ ay 4 + by 6 +cy 8 +- • • 

^ fit r — g 1 

: 4 . 6mm, Fno (ltl[Ft>A'-) : 2 



8 , 



0 



m m > 
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& 0 ® 
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9.20 
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k = 5.8166X 10 1 
a = -2.9072X 10" 2 

tt^^Ml -0.97 
k = -2.9953X 10 +0 
a = -4.7166X 10" 2 

mm^m 1.31 

k = -7.6191X 10 +0 
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1.50 
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56.2 
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3.2484X lO" 2 
# ft S [2] 
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1.0868X lO' 2 
*3*H [3] 



c = -3.8009X 10" 3 



g§ 2 m m 

m 4 A, 4 ^' 4 Ctefg 2 ^^#J Krt^ £ *£^^^^ CD E£a«^ 

f§ 2 ^ M #J CD & m % ^ « , #) #: frZ ffi . I/-XAX1/>XL 1 
£ , i 5 $ i D S t , t^zXi)Xl/>XL 2 t, I^-X^)XU>XL 

ft Z> o 
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xl i a, m w id \z a m & ft n x ^ & . i^-x^^xl2h, ui 2 

iE/-7*XI/>XL3tt, |31/>XT»5, £CQIE*:^X;ftXlx>X 
L3iJ, & ffiO a m £ ft T H 4 o II//XL4IJ. I4l/>XT*5. 

u > x l 3 co m <d m , n u > x l 4 <d m. m <n> m k , -t n n is » e> n t 

l^. S4I/>XL40*»|B, l/>X©ft©/t7-*5tT'l 

ffl CO A° 7 - # IE T * Z> . 

m 2 mmm-?\$, miu>x^^^x, m 2 u > x 3 u > x 4 
v > x 'ifi -f 5 x > >y ^ t? tn $ n x ^ 3 . 1 ^ t ^ 5 y 7 X f 7 ^(i, n 
3 u > x » # u * 7 * >m<D-e**y!7x. m 2 u > x tm 4 u>xvz 

# U t> - # * - hlr$>§. 

* fc . #5 ft ft # Ifc CO {f? ® K , 1 / 3 >f > J- , 2 0 0 7? B lit ( B sit FbI PS 
P = 3. Ojum) ©SffcSg^asBBHSttTHS. 

S 1 1 g - £ 2 

il m m : 4 . 6mm, Fno (IMFt/A*-) : 2 . 8 . ft i& : 3 . 0 
m m > 

¥1^ : 3 3 ° 



&^ 
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0.78 


1.7433 


49.2 
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25.69 
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jr o m 
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1.5839 
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1.5091 


56.2 
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9 # m m [3] 

10 co 

ft ffi co 

fft^^f? -2.77 
k = 7.8076X 10 1 
a = -2.1697X 10-* 



0.56 
1.50 



#**B5[i] 



b = 



2.7786X 10 2 
# ffi [2] 



&m¥m -i.05 

k = -3.0607 X 10 +0 

a = -4.1942X 10 2 b 

&m¥m 1.43 

k = -8.0802 X 10 +0 
a = -7.3101 X 10" 3 



1.0402X 10 2 

# m m [3] 



C = -3.9258X 10" 



3 m 



m, 3 m m m <d *s m yt ¥ m it . #: #j a> s n c . ie * - x ts x u > x l i • 

£ , i S $ i 0 S i , Sffi^#i|ffiffliEyzX*7U>XL2 , t 1 IE ^ " 
XA7U>XL3't, tl/>XL4'it'lPE$tlTl^. . I it fa & 

Ep<:iX#X!/>XL 1 • . ^1 U > X T & -5 . u©E/-7^7 k> 
XL l'li. # flUfC a B5 £ ft T lr> 5 . iE^-X*Xl/>XL2'«, 12 
1/>XT*5. ^CDIE^-X^Xl/>XL 2 * > & M iZ O ® £ Ip] T V> -5 0 
iE^-7^Xl/>XL 3'«, gl3U>XTr&<g>o C(7)IE^^X^Xl/>X 
L3'S, m M iZ dh ffi £ ft T 1^3 c ftl/>XL4'H, S41/>XT*5. 
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L 2 'CD Mffi. iE^ — X*^U>XL3'©MiB» i U >XL 4 '©SIC , 
CD /\° 7 - £ T ffl 523 © A° 7-^ET**5. 

m 3 ^ m m t « , iT©u>xi^7Xf 7^7ijjsnTi»5. « ^ 

14 > mcD-V* * y 2 X . 14 U > X \t # U - # * - h T & £ 0 

sua* mmyt¥& a mm 1 / 3 > 5 1 . i 3 073ii^(Hmr H TPa 
p = 3 . 6 Mm) coj««3!tTa*iea3nT^5. 



& f it £ - £ 3 
&££RE : 4 
m m > 

#j ® 
1 
2 
3 
4 
5 

6 
7 
8 
9 
10 

m m 



7mm. F no ( ffl Wi F ^" > A* — ) 



3 3 0 

CO 

#S*fB[l] 

# i£ W [2] 

[3] 

# 3* ® [4] 
#J»BB[5] 
#3»iB [6] 
#S*ffi [7] 

# ffi [8] 
00 
00 



00 

1.22 
0.10 

0.63 
1.18 
0.05 
1.46 
0.10 
0.50 
0.44 

1.32 
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1.5091 



1.5091 



1.5091 



1.5839 
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#r ^ 7 y 1 



56.2 



56.2 



56.2 



30.2 



0 



#J#E[1] 



1.90 
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k = -3.7539X 10 1 

a = 1.2801 X 10 2 b 

$am¥® 5.28 

k = 1.5098X 10 +1 

a = -3.2940X 10" 3 b 

-i.5i 

k = 1.3544X 10 +0 

a = -2.1703X 10" 2 b 

f&m^m -1.49 

k = -1.2296X 10 +0 

a = -3.3113 X 10' 3 b 

-4.39 
k = 1.9660X lO +0 
a = 9.3712 X 10" 3 b 

mm^m -lis 

k = -4.0965X 10 +0 

a = -3.0803X 10-" b 

mm^m 143.88 

k = -3.5486X 10 +19 

a = -1.7624X 10 3 b 

mm¥& 1.42 

k = -9.6398X 10 +0 



6.8695 X 10 

# m m [2] 

-2.5345 X 10" 2 
#3»lS[3] 

-6.3127X 10 3 

# « ffi [4] 

-1.1439X 10 2 

# S* m [5] 

2.7884X 10 

# 3* m [6] 

5.7752X 10- 
#S*S[7] 

1.5002 X 10 

# 3* ® [8] 
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a = -9.4524X 10 3 b= 7.8945X 10 5 

m 4 m m #j 

* 3 o 

iE/-xA7l/>XL r(J, ^iu>Xt&<5. z. cd jE * n 7, # 7,1/ > 
XL riJ, 4fe#fi!l K flffi * |p] ttT ^ 4 o I>-7*X1/>XL 2'H, fg 2 
U > X T $ S „ u©iE^^X*Xk>XL 2 ' « , fts fflij O ffi £ [p]tt T -5 „ 
iE^-XiJXU>XL 3 ' 13 U >XtS 5. ^<DIE^-7,*X1/>X 
L3'(J, &m \Z O ffi * ft It T ^ 3 o |1/>XL4'IJ, S4l/>XTf*5. 

£ fc . # S£ ® fi , i^-XAXU>XL2'fl)SI. ZE^^X*7>U>X 
L3'0MI, t 1/>XL 4'<DfiffiC, ^ tl ^ n f £ <=> tl T ^ 3 „ £ fc, HI 
4 1/>XL 4 'CD # f# ffi \% , U > X CD 4" «fr CD A «7 - <l T m m <D /I -7 - *« jE 

^{C,||4^5g^JcD^#^^^^^^^^7t^gl5«CDicM5 : -*-^^^-ro 
31 4 ^ Jfi 0»J T? tt , Sll/>X*s^7X, 12 U>Xt^3 U>Xi^4 

V > X : 3&« y => 7s 9- v 7 T 48 fi5c $ tl T ^ £ o ffi l/^ T ^ 5 X 7 X f 7 ^ S . & 

3 U > X it ft U * 1/ 7 -< >m<D-£**y 2 X. m 2 l/>XiS4 V>X\X 

^U*-*^ - h T* $> Z> . 

*S»3fc¥^©«iffit;:tt. l / 3 -i > ^ , 1 3 0 7Ji$ ( B X ffl II 

P = 3. 6 Mm) »*«ifii«fifi3ntH5. 

idr - 4 

M & m m : 4 . 6mm, Fno (iiftF t>A-) : 2 . 8 , ffe iS : 3 . 0 
m m , 
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%0 @D 

1 

2 
3 
4 
5 
6 
7 
8 
9 
10 

m m 



3 3 ° 

CO 

3.80 
14.15 

#S*ffi[2] 

# m m [3] 

[4] 

# m m [5] 

# j# m [6] 

oo 

CO 



CO 

0.91 
0.21 

1.14 
0.95 
0.05 
1.58 
0.20 
0.50 
0.61 

0.88 



iff g -2.61 
k = -6.9628X 10 1 
a = -2.0780X 10 2 b = 

-2.io 

k = -1.6740X 10 +0 

a = 1.7428X 10" 2 b - - 

-4.06 
k = 2.2608X 10 +0 
a = 3.0315X 10 2 b - - 

-0.88 
k = -3.4614X 10 +0 



•2.1734X 10 2 
# Ejc m [2] 



6.4850X 10- 3 

[3] 



1.4105X 10- 3 

# m ® [4] 



® #T f 7 7^ 



1.8061 



40.9 



1.5091 



1.5091 



1.5839 



56.2 



56.2 



30.2 



c = 1.0103X 10- 2 
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b = 5.5681 X 10- 3 

# m ffi [5] 

b = 4.5975 X 10" 4 

# m m [6] 

b = 4.0147 X 10 4 

•V m f& L tc ifi. Zf^X^yt? V > X # =y X V > X T ^ L T ^ £ ^ & 

* & ft J; * 14 fig (0 &Mfc £ @ M L # § „ 

* fc . ± f B & * 2fg 0U£ & H T . if - X h , 7U7*C^gJtS*7 ht 

«0 ti2 l/>Xt©IBI. l2^>Xii3^Xi0l, ^ 3 1/ > X i 
14 l/>Xi0M. m 4 L^>XiiiSt0^0^f ti©«Klfl:EILTfe 

& H o 

£ # y htS^ffiSSffll/Tfcfi^L, S'J <D SB # £ IS V) 2> Z. £ iz <fc o T , 
$L L T =b & V>„ 



a = -2.8465X 10 2 

[ffi$^g 62.03 
k = -3.5486X 10 +19 
a = -4.2958X 10" 3 

E&^3M£ 0.91 
k = -6.3059X 10 +0 
a = -1.3126X 10 2 
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i^HLxy^bft^, CO 4§ . ■=? ;u □ - h tc -r Z> t $h 31 W C =f - 
X h , 7 V 7 £ m ffi T # £ o * fz . l/>X® J ?'*A*-^7^J5:£i: < # H 

*%^c7)±fB^HM^J(D^^^^^(z*5^T, t° > h Ulan £ It 5 
fztblz? * - ti is > &ft o =fc o \zm&\sX *> 7*-;&«>>£f;£8; 

$ {£ T £ , CCD©7<^ol/>X^->7 htS^iCctDiMLTt)! 
^ o W^ii, & mm iz & 2> ytM(D AM Mlz&ti-&T C C D ? n u 

t , ±m <d yt¥ % & m X tz yt^ mm & . *iwiLx^tti5. 

7jO^-)t¥l, 5ttxt 6tt777 ya, 7 tt & H ^ 

~ ^ - T & -5 „ * 7t , *^7©±8BJ3iBB$nfcv-v»y^-«P5&WP'r 

ei i oAStfi obh. mmx¥miz*&m<Di&mft¥?h$:<5; /vftn^n 
m <d - m v> mm m j&zs &m m -c $> z> . it , 1 o « ^ as , 1 1 ra x tr 

- * 95 , 1 2IU*y<7Jk 13Btl^-, 14«J|^7t#^, 15 
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& 0 mmm^-z^ytz ntc<towm\$. M^mmizfomz nfcm^b&^sa 

M^miz Xti S n, mTHHti.hLT^-^-l 3tc, i; 7c « > jiff *S ¥ 
- * - \z , £ 7c > f os^i:g^$n§„ £ tc . ii <f ffl ^ f~ iiHt £ 

& o 

^ K . ± IB H M m \Z tf £ 0k ft- j£ A° 5 * - ^ It 3? fit £ T 12 ^ 1 ll^t. 



1 





m 1 H #J 


m 2 m m m 


w, 3 mm m 


m 4 m m m 


<|> m/ 0 p 


-0.11 


-0.11 


-0.05 


-0.05 


v 3- v 4 


26.0 


26.0 


26.0 


26.0 


rlf/f 


0.64 


0.82 


0.40 


0.82 


fl23/ | f4 | 


0.97 


0.94 


1.12 


1.52 


f/ I f 4 | 


1.72 


1.57 


1.92 


2.94 


f/f234 


0.60 


0.57 


0.51 


0.47 


EXP/f 


1.20 


1.18 


1.07 


0.92 


F no/ P [ p. m ] 


1.17 


0.93 


0.78 


0.78 


ML/TL 


0.09 


0.09 


0.07 


0.07 
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WHAT IS CLAIMED IS: 



i . m # in tfi e> m iz* ®fcmiz&m&fatftziE*-7>tixu>x-?$>z> 

512 U > X £ , »fflJfcr&ffi£l6lttfcIE;*-X#XU>XT*<5£3 U > 
Xt. ft^XT*5i4 U > X £ £ H L T «t fig L fc «£ ft ft # & . 

2 . Bi!feMl4U>X<D^&<<hfclffi^#^ffiT&D, &<D4kfrj£&m 

-2.0 < <f> m/ cf> p < 0 
fib, *m««*ftliliS0>&Hfc::fcttS^4U>X0>/1'7 — . * p ifi Ift 

>X©/W-4>m^^©J:^(:^itl.fc(?)tt§ 0 M bB ffS 4 U > X <D M 

* ft ii5 H m K , tl##J<7)&K3l;S^e>¥tTft*§i£A#*£-&, U > X ii 

ULfci^, <tm=tan| D HrnT^-*.<=>n£fc<7)T&<5o 

3. «IE^3 l/>XtUEi4U>X*iX7Xf '^TilSSn. # © 

* # 5$ £ ffi s f § if * « i \z aa « & ft ft # ^ c 

15.0 < v 3 - v 4 < 40.0 
{& L . v3li»3 1/>XC7^S, v4lljg41/>X077^S"C*5. 

4. #<££#5££iiJ£T5fS^^l{Cfe«(aiii£ftft^&o 
0.1 < rlf/f < 2.0 

fit, r 1 fBSll/>X©*(t:«©i$*l, f « ft ^ » ^ (7) M & IE 

5. &(&&tt^£«J£^ *SI#« 1 KliB*<B*S«ft^&. 
0.5 < f 1 2 3 / | f 4 | < 3.0 
1.0 < f / | f 4 | < 5.0 
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« * t 

II, f 1 2 3 it m 1 l/>XtS2 U>Xtl3 U > X © ^ g| ,6 K gft , 

f 4 « us 4 u>x©^jfliiB«, f it ft ¥ £ % <d m & m m t & >*> . 

0 < f 1/f 2 3 4 < 3.0 

fiu f i a m i u > x (d m a m m , f 2 3 4 it % 2 u > x <t ig 3 u > x 

<fcm4U>Xa>^fiJc^^KI«-C*4. 

0.4 < EXP/f < 2.0 

fib, Exptt«s^e.wtBi**To8B«t. f tt is m ft ¥ m £ * CD j£ * 8g 

HI T * £ o 

8. S53B«S«i3te^^OIBSS[F^->A*— SrFno. itu 1 2 ^ 4 U > X <D ft ®J 

i c i2 m <d m m ft # % . 

0. 40[l//im] < F no/ P [u m] < 2 . 2 0[l//zm] 

9. MS2Mft;ft^£c7)£fi£TL, i33te«^^«*«fi!ct5^7X^ 

31 1 ^I2*0^^^^^ e 

0. 45 < ML/TL < 0. 100 

10. ft3fc^lfciB«©*£fftft¥^£raAfcmT««. 
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ABSTRACT OF THE DISCLOSURE 

* m m <d & m % ^ % « . m w m & £ m iz , ^ m (~ a m £ ^ n- fc ie ^ - 

XAXl/>XT*4Sll/>Xt. W5S80St, & ffifl K ifb ® * fa ft tz 
^-7*Xl/>XT»4l2 U > X £ , {£ f iJ K ifl ffi £ fttt £ IE * ~ X # X 

is > x~e&z>m 3 u y x mu > xt? $> & 4 is>x&mmLTmf&2 

ntl»5. !S§ 4 U > X tt '> fc < t 1 Bff**#3»iBTftO, # <Z> ft ft it £ '« 

-2.0 < 4> m/ 0p < 0 
SI. (t>mtem*ytmM<DtiLMlZi5tf 4 V > X(D — , 0 p fi ifi M K 
& 3 |g 4 1/ > X O A° «7 - T & £ 0 

13 u > x £ si 4 ^xuy^^f-yniusn, ^O^f^S;^rSS 

15. 

15.0 < v 3 - v 4 < 40.0 
fit, v 3IJI3 l/>X©77^t, v4IJl4l/>X©77^tt$5. 
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